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DESCRIPTION 



UNINTERRUPTED POWER SUPPLY UNIT 



TECHNICAL FIELD 
[OOOl] 

The present invention relates to an uninterrupted power 
supply unit, in particular, to the uninterrupted power supply 
unit having a straightforward switch connected in series with 

a system. 
BACKGROUND ART 
[0002] 

Heretofore, a variety of circuitry of the uninterrupted power 
supply units have been proposed as disclosed in, for example, 
Japanese Patent Laid-open Publication JP 01-222635 ( referred 
to as Patent Document 1) and Japanese Patent Laid-open 
Publication JP 08-223822 ( referred to as Patent Document 2). 
[0003] 

One conventional uninterrupted power supply unit shown 
in Patent Document 1 is provided with ■ a constant voltage/ 
constant frequency power supply unit (CVCF) in which an 
alternative current . (AC) input voltage is once converted into 
a direct current (DC) voltage, then the converted DC voltage 
is reversely converted into the AC voltage again, and a bypass 
circuit comprising semiconductor switches whichbypass the CVCF. 
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Such power supply unit is constituted so that in a normal voltage 
condition as well as in a dropped voltage condition the AC is 
once converted into the DC through a converter and the DC is 
again converted into the AC with an inverter. As a result, the 
current is always passed through semiconductors even in the 
normal voltage condition, causing to give rise to a loss of 
power, to reduce a total efficiency of the whole unit, and to 
upsize a cooling device . There also exists a problem that since 
an output of the inverter requires PWM controlled-rect angular 
wave, a filter for filtering the output wave must be upsized. 
[0004] 

Another conventional uninterrupted power supply unit 
shown in Patent Document 2 is constituted so that in normal 
condition a commercial line is directly connected through the 
straightforward switch to the load, but in the case where a 
voltage of the commercial line is decreased to less than a given 
value, the straightforward switch is cut off and a battery power 
is supplied to the load through the inverter and a step-up 
transformer. In such configuration, since the. step-up 
transformer is required to have a function for filtering a 
rectangular voltage generated in the inverter, and to transmit 
a voltage having a commercial frequency, the problem exists 
in that the product of voltage and time, that is, flux volume, 
is required to be a large value, resulting in the system of 
upsized and expensive construction. 
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[0005] 
Patent document 1: 

Japanese Patent Laid-open Publication JP 01-222635 

Patent document 2 : 

Japanese Patent Laid-open Publication JP 08-223822 

DISCLOSURE OF THE INVENTION 

PROBLEMS TO BE SOLVED BY THE INVENTION 

C0006] 

The present invention has been made to solve the above 
described problems, and it is an object thereof to obtain an 
uninterrupted power supply unit which is capable to compensate 
a variation in the system voltage in the normal_ condition, and 
to supply a predetermined voltage to the load even after, the 
system voltage has been dropped to less than a predetermined 
value and the straightforward switch has been cut off, by 
combining, two kinds of single phase inverters. 
[0007] 

There is provided an uninterrupted power supply unit 
according to the invention, wherein the straightforward switch 
is connected between a power source and a load to supply or 
interrupt the electric power toward the system, a first single 
phase inverter is connected in parallel with the load, a second 
single inverter is connected in series with the load, and a 
battery is connected to the DC side of the first and second 
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s ingle 



inverters . 



ADVANTAGES OF THE INVENTION 
[0008] 

In an uninterrupted power supply unit according to the 
invention, there are advantages in which a combination of the 
single phase inverters enables increasing voltage compensation 
and decreasing voltage compensation, thereby achieving voltage 
compensation at a time of power failure and supplying a 
stabilized, voltage to the load in any voltage condition. 

BEST MODES FOR IMPLEMENTING THE INVENTION 

[0009] 
Embodiment 1 . 

Fig. 1 shows a schematic circuit diagram of an 
uninterrupted power supply unit according to Embodiment 1 of 
the present invention. In Fig. 1 , a power source 1 is a commercial 
alternating current , source normally having a system voltage 
V 0 , directly supplying a power to the load 2 via a straight- 
forward switch 3 which is a mechanical switch such as a relay. 
The load 2 is connected to a first single phase inverter 4 of 
- which AC side terminals are connected in parallel with the load 
2 and a second single phase inverter 5 of which AC side terminals 
are connected in series with the load 2. The DC side terminals 
of the first single phase inverter 4 is connected to a DC-DC 
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converter 6 through a capacitor CI, and the DC side terminals 
of the second single phase inverter 5 is connected to a DC-DC. 
converter 7 through a capacitor C2 . The other side terminals 
of the DC-DC converters 6, 7 are connected to a battery 8 in 
common . 

Cooio) 

Herein, the single phase inverters 4, 5 could be 
constituted with a known single-phase bridge configuration 
' comprising semiconductor elements such as MOSFETs, for example, 
and diodes connected in reversely parallel with each of the 
semiconductor elements. The DC-DC converter 6, 7 could also 
be constituted with a known construction in which the DC voltage 
inputted is converted into the AC by a switching circuit 
comprising a MOSFET and a control IC, the AC voltage converted 
is changed by a transformer and then rectified into the DC to 
obtain the other DC voltage ■ different from the input voltage. 
Reference numeral 9 denotes a smoothing filter, 10 denotes an 
abnormal voltage drop detecting circuit. In addition, the 
straightforward switch 3 could be constructed with a 
semiconductor switch such as a thyristor besides the mechanical 
switch such as a relay. 
[0011] 

An operation of the uninterrupted power supply unit shown 
in FIG. 1 will be explained next referring to Fig. 2. In the 
normal condition, the straightforward switch 3 is closed and 
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the system voltage V 0 Is directly supplied from the. power source 
1 to the load 2. The single phase inverters 4, 5 are operated 
as a rectifier and charge the battery 8 via DC-DC converters 
6, 7 respectively. Meanwhile, although not shown in the drawing , 
it is possible to short the AC side terminals of the single 
phase inverter 5 by another relay and to charge the battery 
8 by the single phase inverter 4 only, in order to lower the 
loss . 
[0012] 

Next, an explanation will be given to a voltage 
compensation operation in case when the power source 1 is cut 
off or when the system voltage V 0 is abnormally went down at 
the time tO as shown in Fig. 2(a). 

First, the abnormal voltage drop detecting circuit 10 
is activated to detect the abnormality and operated to cut off 
the relay 3, but the current Io at the time when the relay 3 
is cut off must be controlled so as to become zero, otherwise 
the current will be continued through an arc generated by that 
cutting off. It is controlled therefore in the way that VI is 
. PWM-controlled by the inverter 4 and then is filtered by the 
smoothing filter 9 so that output voltages of the inverters 
become equal to the system voltage Vo. Astheresult, thevoltage 
between the both terminals of the relay will be zero and the 
relay is completely cut off at the time the current becomes 
zero subsequently. 
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[0013] 

After cutting off of the relay, each single phase inverter 
4, 5 perform a full inverter operation and is inputted a DC 
voltage VI, V2 from the battery 8 through the DC-DC converter 
6, 7. Here, the voltage VI is set to the value larger than the 
voltage V2, and V1+V2 is set to be the maximum absolute voltage 
value of the system voltage VO (that is, 141V in case, of AC 
100V) . At the time tl, each single phase inverter 4, 5 outputs 
the output voltage VB1,VB2 which corresponds to the input 
voltage VI, V2, respectively, the output voltages VB1,VB2 are 
superimposed each other to' generate a pseudo-sinusoidal wave 
as shown in the drawing and are supplied' to the load. Namely, 
the combination of the output patterns from the first single 
phase inverter 4 and the second single phase inverter 5 generates 
four kinds of voltages; V2, V1-V2, VI, V1+V2, and a 
pseudo-sinusoidal wave can be formed by selecting combination 
thereof. 
[0014] 

In' Fig. 2(a), it is apparent that a pseudo-sinusoidal 
wave can be formed by superimposing any output voltages of the 
waveforms VB1, VB2 and VB1+VB2 . Fig. 2 (b) illustrates a typical 
output pattern obtained by the voltage relation of VI : V2 , wherein 
in case of V1:V2=3:1, a pseudo-sinusoidal wave has equally 
leveled steps, and in case of V1:V2>3:1, a pseudo-sinusoidal 
wave has an elongate intermediate voltage. 
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As described above, a voltage compensation operation can be 
performed to supply a predetermined voltage to the load, even 
after the system voltage dropped below a predetermined value 
and the straightforward switch has been cut off. 
[0015] 

Next, a voltage increasing or decreasing operation in 
case where the system voltage is decreased or increased will 
be explained with reference to Fig. 3. 

in the drawing, Vo designates a system voltage , which is lowered 
as a time lapses, and Vd is a voltage applied to the load, which 
is shown together with the waveforms of VB1 and VB2 . 
An example here is shown in which the voltage abnormality 
(lowering) will be detected at the time tO, and the" voltage 
compensation will be taken place at the time tl . The second 
single phase inverter 5 is operated so that the load voltage 
Vd is increased from the time tl, whereby a maximum value of 
the voltage supplied to the load becomes substantially equal 
to that in the normal voltage condition. Fig. 4 shows a variety 
of patterns of voltage increasing waveforms. 
[0016] 

In Fig. 4, A represents a system voltage in the normal 
voltage condition (dotted line) and a system voltage VO in the 
dropped voltage condition, B represents the waveform in which 
VB2 is evenly added all over the range of the system voltage 
to the dropped system voltage. In this case, the effective value 
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of the voltage applied to the load becomes slightly larger than 
that in the normal voltage condition. 

C represents an example of the waveform in which VB2 is added 
to the dropped system voltage during a certain fixed width on 
the way from the rising edge of the sinusoidal waveform. In 
this case, it is possible for the effective voltage applied 
to the load to coincide with the value in the normal voltage 
condition by controlling the pulse width of VB2 to be outputted. 
This provides excellent convenience to the load in which the 
effective value of the voltage becomes important. 

Incidentally, B and C show the cases where the maximum 
value of the waveform coincides with that in the normal voltage 
condition. D, on the contrary, shows the case where the maximum 
value of the waveform is larger than that in the normal voltage 
condition, in this case, VB2 is set to the relatively narrower 
pulse width than that of A or B to control the effective voltage 
applied to the load. Further, E, F, and G show the examples 
where VB2 are controlled so that the maximum values of the 
waveform applied to the load become constant (constant width) . 
This provides a reliable waveform compensation to the load in 
which the maximum value of the waveform becomes critical. 
[0017] 

On the other hand, Fig. 5 shows a variety of patterns of voltage 
decreasing waveforms in the case where the system voltage V0 
is increased over a predetermined value. 
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In Fig. 5, A represents a system voltage (dotted line) in the 
normal voltage condition and a system voltage VO in the raised 
voltage condition, B represents the waveform in which VB2 is 
evenly subtracted all over the range of the system voltage from 
the raised system voltage. In this case, the effective value 
of the voltage applied to the load becomes slightly smaller 
than that in the normal voltage condition. 

C represents an example of the waveform in which VB2 is subtracted 
from the raised system voltage during a certain fixed width 
on the way from the rising edge of the sinusoidal waveform, 
in this case, it is possible for the effective voltage applied 
to the load to coincide with the value in the normal voltage 
condition by controlling the pulse width of VB2 to be outputt ed . 
This provides excellent convenience to the load in which the 
effective value of the voltage becomes important . Incidentally, 
B and C show the cases where the maximum value of the waveform 
coincides with that in the normal voltage condition. D, on the 
contrary, shows the case where the maximum value of the waveform 
is larger than that in the normal voltage condition. In this 
case, VB2 is set to the relatively narrower pulse width than 
that of A or B to control the effective voltage applied to the 
load. Further, E and F show the examples where VB2 are 
controlled so that the maximum values of the waveform applied 
to the load become constant. This provides a reliable waveform 
compensation to the load in which the maximum value of the 
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waveform becomes critical. 

[0018] 
Embodiment 2 . 

Fig. 6 shows a modified example of the embodiment 1 
according to the embodiment 2 of this invention, and is same 
with Fig. 1 except that the second single phase inverter 5 is. 
directly connected to the battery 8.. The voltage compensation 
operation that is the voltage increasing/decreasing operation 
is identical to that in the embodiment 1. By taking this 
configuration, the voltage V2. inputted to the second single 
phase inverter 5 becomes constant, and although it is not 
possible to set the ratio of V1:V2 finely, it becomes possible 
to manufacture in simpler and inexpensive construction, because 
of an omission of DC-DC converter 7. 

[0019] 
Embodiment 3. 

Fig. 7 shows the modified example of the 

uninterrupted power supply unit according to the voltage 
increasing/decreasing operation of the present invention. 
Although, in Fig. 1 and Fig. 6, the second single phase inverter 
5 is connected between the first single phase inverter 4 and 
the load 2 , the second single phase inverter 5 in Fig 7 is connected 
between the system power source 1 and the first single phase 
inverter 4. In this configuration, the following operation 
differs from that of the above embodiments. 
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First, in the mode in which the relay current is controlled 
to zero when the system voltage dropped and the relay got into 
a cutting-off operation, only the first single phase inverter 
4 is used for PWM control in the previous embodiments, but in 
this embodiment, the total of the output voltages of both the 
first single phase inverter 4 and the second single phase 
inverter 5 are applied to the relay to finely control the relay 
current by the individual control of each output voltage, 
enabling cutting off of the relay reliably and rapidly. 
[0020] 

When the relay 3 is next opened and the compensation voltage 
is supplied to the load, the first single phase inverter 4 alone 
is operated. In this situation, the first single phase inverter 

4 is PWM-controlled and delivers a sinusoidal waveform in 
cooperation with the smoothing filter 9. If the first single 
phase inverter 4 is not PWM-controlled, the rectangular wave 
will be delivered. Therefore, this embodiment provides a high 
efficiency in the unit, because the second single phase inverter 

5 is not used as in the previous embodiments. 

Incidentally, in the uninterrupted power supply unit 
according to Embodiments 1 to 3, there is a possibility in the 
voltage increasing/decreasing operation or the voltage 
compensation operation that the direct current voltage VI, V2 
of the single phase inverter 4, 5 deviates from a predetermined 
relation, because of discrepancy in the total output current 
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of each inverter 4 , 5 . In order to compensate the deviation, 
the DC-DC converter 6, 7 is operated as follows. 
.[0021] 

The voltage V2 tends to surely decrease in the voltage increasing 
operation. For the reason, the energy is once sent from the 
DC-DC converter 6 to the battery 8 in the example of Fig. 1 
and is then supplied to V2 via the DC-DC converter 7. In this 
case, the voltage VI is apt to drop rapidly, but the energy 
can be supplied from the system to VI by bringing the single 
phase inverter 4 to conduction when the instantaneous value 
of the system voltage is higher than VI. On the contrary, the 
voltage V2 is apt to raise more in the voltage decreasing, 
operation, but the energy is once sent from the DC-DC converter 
7 to the battery 8 and is then, supplied to VI via the DC-DC 
converter 6. 

The energy sent to VI is returned to the system via the single 
phase inverter 4 by bringing the single phase inverter 4 to 
conduction during a time period when VI is higher than the 
instantaneous value of the system voltage. 
[0022] 

The voltage increasing/decreasing operation described above 
is similar to that in Embodiment 2 shown in Fig. 6, but the 
voltage itself is controlled by the battery voltage because 
the inflow or outflow of energy to or from V2 is managed by 
the battery 8 as a buffer. The energy is flowed in or out to 
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or from VI by the DC-DC converter 6, and flowed out to the system 
so that the change of energy in the battery 8 becomes to zero 
in total. Embodiment 3 shown in Fig. 7 has also same operation 
with that in Fig. 6. As explained above, the battery 8 is used 
not so as to build up the current or not so as to consume the 
battery current by using of the DC-DC converter. As the result, 
. there are effects that effective current of the battery is 
reduced and the deterioration of the battery is prevented, 
in addition, the energy inflow/outflow operation by the DC-DC 
converter is functioned even in the voltage compensation 
operation, for example, the DC-DC converter 6, 7 in Embodiment 
KFig. 1) or the DC-DC converter 6 in Embodiment 2 (Fig. 6) is 
operated so as to stabilize VI, V2 respectively, tomaintain 

3 predetermined voltage compensation waveform. 

[0023] 
Embodiment 4 . 

Fig. 8 shows a modified example according to the embodiment 

4 of this invention, wherein single phase inverters 4a, 4b, 
and 4c are replaced to the single phase inverter 4 in the 
embodiment 1. In Fig. 8, the direct current voltage VB4 of the 
inverter 4c is stabilized through the bi-directional DC-DC 
converter 6a from the battery 8, and the voltage VB4 and the 
direct current voltages VBl, VB2 , and VB3 of the single phase 
inverters 5, 4a, and 4b are stabilized by the bi-directional 
DC-DC • converter 7a. The DC-DC converter 7a is therefore 
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controlled so that each of the output voltages of the single 
phase inverters 4a, 4b, and 4c has always a specif ic relationship 
each other. 
[0024] 

Fig. 9 shows a relationship among each of the output 
voltages of the single phase inverters 4a, 4b, and 4c and an 
example of the total output level of the output voltages. It 
includes 10 examples from the relationship shown in A in which 
the rate of the output voltages of the single inverters 4a, 
4b, and 4c has 1:2:4, to the relationship shown in J in which 
the rate has 1:3:9. In case where the rate of the relationship 
is 1:3:9, most numbers of output levels can be outputted as 
shown in Fig. 10, wherein voltage patterns in that condition 
and an image of pseudo-sinusoidal waveform to be outputted are 
shown. This makes it possible to change in 13 voltage levels 
at the most to generate a pseudo-sinusoidal waveform with a 
relatively fine waveform control . Fig .11 shows an example where 
PWM controlling is taken place in each of output levels, whereby 
an average waveform is controlled by setting a change in each 
output level as a minimum unit and by adjusting a frequency 
of up-and-down in level. 

By doing such control, the total voltage waveform can be 
controlled in much greater detail over the wide range from VB2 

■ , , ^^4. v, -i nrr fi Iter 9 to much smaller capacity 

to VB4, causing the smoothing rixter 

than that of a conventional device. 
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Ths operation of the system in the normal voltage condition 
will be next explained. In this condition, the single phase 
inverters 4a, 4b, and 4c is operated as a reactive power 
compensation device , of which operation is illustrated in Fig . 12 . 
Fig. 12 (a, shows where a load is a phase-delay element, that 
is, a load current Id is in phase lug with the system voltage 
VO, where the single phase inverters 4a, 4b, and 4c are operated 
to flow current Ix in the system so that system current 10 becomes 
in phase with system voltage VO . In other words, the single 
phase inverters 4a, 4b, and 4c is controlled so as to allow 
current Ix to flow into the system by adjusting each output 
ievel or by PWM-controlling in cooperation with the smoothing 
effect of the filter. This brings system current and system 
voltage to the identical phase each other, thereby it seems 
from the system side that a load of power-factor 1 is connected 
to the system, compensating reactive power and preventing 
harmonic component from flowing back to the system. Further, 
the current flowing in the system is decreased in its effective 
value, resulting in lowering loss in a cable and so on. 
(0026) 

Fig. 12(b) shows an example of operation where a lead is a 
rectifier element, that is, as same with that in Fig. 12(a), 
the single phase inverters 4a, 4b, and 4c are operated to allow 
current Ix to flow into the system so that the system current 
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10 of power factor 1 flows in the system. As it is possible 
for the single phase inverters 4a, 4b, and 4c to make a detailed 
waveform control, the unit can be controlled so that the system 
current 10 of power factor 1 flows surely in the system even 
in the case where the rectifier load is accompanied by an intense 
current change. This is because it is possible to raise a gain 
of a control system by enabling to use the smoothing filter 
9 of a small capacity. In such operation, however, the amount 
of currents flowing in or out from the inverters 4a, 4b, and 
4c are mostly different each other, so that the voltage balance 
among voltages VB2-VB4 will be easily come undone. In order 
to compensate such unbalance, as explained above, the DC-DC 
converter 7a is operated so that it exchanges energies so as 
to keep a given voltage value respectively among the voltages 
VB2-VB4 . 
[0027] 

As for the single phase inverter 5, it is same with that in 
the • embodiment 1, therefore, the voltage increasing or 
decreasing function in the single phase inverter 5 is identical 
to that in the embodiment 1. That is, the change in the voltage 
VB1 at the time of voltage increasing or decreasing is stabilized 
by flowing in or out energies from VB4 . Energies sent to VB4 
are flowed in or out from the system by current controlling 
with the inverters 4a, 4b, and 4c. In addition, reactive power 
compensating control and voltage increasing or decreasing 
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control described above can be simultaneously performed, and 
in the case where reactive power compensating control and voltage 
increasing control are simultaneously performed, it can be done 
by flowing the current lower than Ix compensating the component 
of reactive power into the system, and in the case where reactive 
power compensating control and voltage decreasing control are 
simultaneously performed, it can be done by flowing the current 
greater than Ix compensating the component of reactive power 
into the system. 
[0028] 

The operation of the voltage compensating control 
according to the embodiment 4 will be next explained referring 
to Fig. 13. In the drawing, pattern (a) shows a waveform in 
case of where PWM control is not used concurrently, pattern 
(b) shows a waveform in case of concurrent use of PWM control. 
When the system voltage is dropped at the time tO, the relay 
is cut off based on the detection of that dropping, and at the 
same time, the single phase inverters 4a, 4b, and 4c are 
controlled to generate the same voltage as the system voltage 
so that the current flowing through the relay becomes zero. 
This brings the relay current to zero gradually, and the relay 
is completely opened before long. The operation in that moment 
is shown in the time interval Ta in the pattern (a), on the 
other hand, the operation in which the output voltage of the 
single phase inverters 4a, 4b, and 4c are controlled in more 
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detail by concurrent use of PWM control is shown in the time 
interval Tc in the pattern (b) , wherein the relay current can 
be rapidly dropped to zero. After the complete opening of the 
relay, the compensated output power is supplied to the load 
at the time tl or later by controlling the single phase inverters 
5, 4a, 4b, and 4c, wherein the output waveform mentioned is 
shown in the time interval Tb or Td. 
[0029] 

It is thought to be several patterns as a control method 
for the single phase inverters 5, 4a, 4b, and 4c. For example, 
when the DC-DC converter 7a is controlled so that the voltage 
balance among the single phase inverters 5, 4a, 4b, and 4c becomes 
to 5 :4a: 4b: 4c = 1:3:9:27, the sinusoidal waveform being up to 
40 levels can be formed, obtaining a substantially continuous 
output waveform. Further, as shown in Fig. 14, in the case where 
5:4a:4b:4c - 0.5:1:3:9, and the single phase inverter 5 is 
PWM-controlled, it is possible to obtain more detailed voltage 
waveform in cooperation with a filtering function of the 
smoothing filter 9 . Even if the rate of the single phase inverter 
5 is more than 0.5, the similar effects as described the above 
is expected by controlling the waveform by PWM as shown in Fig. 
13. There are many patterns other than the above for selecting 
the voltage balance in 5 :4a :4b :4c, whichever pattern in Fig. 
9 can be expected to have the similar effects. Under operating 
condition for compensating, the current flowing in or out from 
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the DC power source of the single phase inverter tends easily 
to develop unbalance, so that it is needless to say that the 
DC-DC converter 7a is likewise operated to compensate that 
unbalance. 

[0030] 
Embodiment 5 . 

Fig. 15 is a circuit diagram showing the embodiment 5 according 
to this invention, and illustrating a modification of the 
embodiment 4 (Fig. 8) . This is completely same as Fig. 8 except 
that the DC-DC converter 6a is eliminated and the first single 
phase inverter 4c is directly connected to the battery 8, as 
a result, the voltage increasing or decreasing operation and 
the voltage compensating operation are exactly same to that 
in the embodiment 4 . This configuration enables the single phase 
inverter 4c to have the largest output having nine kinds of 
voltage rates, providing the greatest amount of energies . 
For that reason, it is possible to take out energies directly 
from the battery 8 without going through the DC-DC converter 
6a in the compensating mode, causing to a quite high efficiency 
to realize a downsized and lightweight unit. 

[0031] 
Embodiment 6. 

Fig- 16 is a circuit diagram showing the embodiment 6 according 
to this invention, and illustrating a modification of the 
embodiment 4 (Fig. 8) . This is completely same as Fig. 8 except 
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that the DC-DC converter 7a is directly connected to the battery 
8.. Because the battery 8 always provides a constant voltage, 
it becomes easily possible to control the voltages of the single 
phase- inverters 5, 4a, and 4b, causing to the effective or 
economical design of the DC-DC converter 7a to obtain a downsized 
and lightweight unit. 

[0032] 
Embodiment 7 . 

Fig. 17 is a circuit diagram showing the embodiment 7 
according to this invention, wherein each of the single phase 
inverters 5, 4a, 4b, and 4c is connected to a battery 8d, 8a, 
8b, and 8c, respectively as a DC source, and DC-DC converter 
11 is inserted to the single phase inverters 5, 4a, 4b, and 
4c in common to maintain stabilization for each DC voltage. 

However, if the unbalance in the current values flowing 
into each battery is developed, the battery voltage becomes 
too high or too low, resulting in the unbalance in voltage 
relation among each of the single phase inverters 5, 4a, 4b, 
and 4c. For that reason, energies are exchanged between each 
battery so that DC-DC converter 11 compensates for the unbalance 
in the input currents to the batteries . This causes the currents 
flowing into or out from the battery to balance thereby promising 
a stabilizing operation. 

[0033] 
Embodiment 8 . 
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Fig- 18 is a circuit diagram showing the embodiment 8 according 
to this invention, and an example in the case where a single 
phase inverter 5 is inserted between the system and the inverter 
group consisting of the single phase inverters 4a, 4b, and 
4c. In this configuration, four single phase inverters 5, 4a, 
4b, and 4c can be used for controlling the relay current to 
zero, enabling more detailed current control. Further, in the 
compensating operation after opening of the relay, the voltage 
is applied to the load only by the single phase inverters 4a, 
4b, and 4c, not via the inverter 5, thereby resulting in smaller 
loss, increased efficiency, and downsized and lightweight of 
"the unit . 

BRIEF DESCRIPTION OF DRAWINGS 
[0034] 

Fig. 1 is a schematic circuit diagram of an uninterrupted 
power supply unit according to Embodiment 1 of the present 
invention. 

Fig . 2 is an explanatory diagram for a voltage compensating 
operation of the uninterrupted power supply unit shown in Fig. 
1. 

Fig. 3 is an explanatory diagram for a voltage 
increasing/decreasing operation of the uninterrupted power 

supply unit shown in Fig. 1. 

Fig. 4 is a view showing a pattern of a voltage increasing 
waveform in the uninterrupted power supply unit shown in Fig. 
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1 . 

Fig. 5 is a view showing a pattern of a voltage decreasing 
waveform in the uninterrupted power supply unit shown in Fig. 
1. 

Fig. 6 is a schematic circuit diagram showing the modified 
example of the uninterrupted power supply unit according to 
Embodiment 2 of the present invention. 

Fig . 7 is a schematic circuit diagram showing the modified 
example of the uninterrupted power supply unit according to 
Embodiment 3 of the present invention. 

Fig. 8 is a schematic circuit diagram showing the modified 
example of the uninterrupted power supply unit according to 
Embodiment 4 of the present invention. 

Fig. 9 is a chart showing a relationship among each output 
voltage of the respective inverter forming a group of single 
inverters and a total number of the output level, in Embodiment 
4 of the present invention. 

Fig . 10 is a chart showing a relationship between a voltage 
pattern and a waveform image at a time when a sinusoidal waveform 
is output, in Embodiment 4 of the present invention. 

Fig. 11 is a chart showing a waveform at a time when PWM 
control is taken place among each output level, in Embodiment 
4 of the present invention. 

Fig. 12 is a chart showing a waveform at a time when a 
group of single inverters are operated as a reactive power 



compensation device, in Embodiment 4 of the present invention. 

Fig. 13 is a chart showing a waveform at a time when the 
voltage compensation operation is taken place, in Embodiment 
4 of the present invention. 

Fig. 14 is a chart showing a relationship between an 
operation of each inverter and an output waveform, in Embodiment 
4 of the present invention. 

Fig. 15 is a schematic circuit diagram showing themodif ied 
example of the uninterrupted power supply unit according to 
Embodiment 5 of the present invention. 

Fig. 16 is a schematic circuit diagram showing themodif ied 
example of the uninterrupted power supply unit according to 
Embodiment 6 of the present invention. 

Fig. 17isaschematiccircuitdiagramshowingthemodified 

example of the uninterrupted power supply unit according to 
Embodiment 7 of the present invention. 

Fig. 18 is a schematic circuit diagram showing the modified 

example of the uninterrupted power supply unit according to 
Embodiment 8 of the present invention. 

DESCRIPTION OF REFERENCES 
[0035] 

1 an alternative current power source 

2 a load 

3 a straight forward switch 
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4 a first single phase inverter 

5 a second single phase inverter 
6,6a a DC-DC converter 

7,7a a Dc-DC converter 
8 a battery 
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